From Pixels to Information:
Remote Sensing for Planning
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What iIs Remote Sensing?
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object

National Planning Conference National Operations Center
March 2009 Division of Resource Services




| eiim) NATIONAL

National Planning Conference National Operations Center
March 2009 Division of Resource Services




The Ideal Remote Sensing System
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Image Interpretation Elements
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e Pattern New technologie’s uSe some form of
Size, Shape, Tone/Color, and
Texture for image feature

Source: USFS RSAC &
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How does it help planning?
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Monitoring change over time
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Remote sensing provides data
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to fill-in the gaps both spatially
and temporally
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Remote Sensing Project Requirements
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Requirement Considerations

The Resource Specialist Perspective

What to measure

 What are the issues to be addressed
 What resources are involved
* Extent of resource

~ + Goals/Objectives qu," R

. How t easuré it
. ‘-.\‘

??': "
.

What

A ST

-v-‘ ,‘_‘ Lo
4;@7"" SE 1’-"

;} "
o~

=) NATIONAL

National Planning Conference National Operations Center == 7 SYSTEM OF
March 2009 Division of Resource Services ¥, '




Requirement Considerations

The Manager Perspective

EcConomics

* Costs

Staffing * Benefits
* Long-term verses Short-term
* Risk tolerance

 Staffing
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Mapping Surface Disturbance

i Monltor to detect char
 Numerous field offlces
are exploring remote
sensing options
— WO, NOC, SO, FO need
to ensure consistency
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White River Field Office
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« Working with AIM, NOC, and 3fd Partles

to develop a scientifically sound and
defensible monitoring protocol
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Requirement Considerations

The Resource Specialist Perspective

What to measure
» Surface disturbance, Vegetation
* Annual grasses

What

= How to measur.eg,".
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Requirement Considerations

The Manager Perspective

Economics
* Funds available from FO, AIM
Staffing « Identifying long-term funds
b . Setting aside money for imagery
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Requirement Considerations

The Remote Sensing Geek Perspective

Spatial

Temporal Sp atial

* Need to capture two-track roads
Grasses and Shrubs
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Remote Sensing Systems

Domains:

Spatial: 0.5 m-5m
10-30m
100-500m
1k-8km

Temporal: 0.5 hr
Daily
Weekly
Bimonthly
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Imagery Comparlsons
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Remote Sensing Resolution

2048 km swath

AVHRR/
MODIS
» spatial resolution, 250m, 500m, 1000m - global coverage, 2 days
Landsat 185 km * 16 day orbital repeat

« seasonal global coverage
* spatial resolution, 15m, 30m

* 45-60 day orblt I
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High Temporal Freguency Data
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MODIS Landscape Performance
2007 Pre-Murphy Complex Fire
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Phenological Signatures
Comparison Between Two Sites
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L -
—1RapidEye
geo facts
turned into knowledge

* Blue 440 - 510 nm Tile Size
* Green 520 -590 nm (scence)
* Red 630 — 685 nm

* Red Edge 690 -730 nm _
« NIR 760 — 850 nm Swath Width /
Length

Spectral 25 x 25 km

Bands

77 km x 1500 km

Satellite

Altitude 830 km

Revisit Time

Camera Angle -+ +/- 25 degrees Equator

Crossing Time 11:00 am

Pixel Size, « Em Image Capture

(orthorectified) Capacity 4 Million sq.km daily

Satellite Specifications
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Remote Sensing Resolution

2048 km swath

AVHRR/
MODIS

« spatial resolution, 250m, 500m, 1000m

* global coverage, 2 days

Landsat 185 km
* spatial resolution, 15m, 30m
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Vegetation Datasets
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— Combines a sticthed product of multiple vegetation
classification efforts
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$\15% absorbed

by atmosphere

radiated from clouds
and atmosphere
.~ (water vapor and
-~ carbon dioxide)

o by bounce off from

dust and water vapor other objects

7% conducting
and rising air

Ideal Circumstance In reality
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NLCD 2001 Land Cover Classes
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- High Int en3|t
Forests

— Deciduous

— Evergreen

— Mixed
« Barren(Rock/Sand/Clay)
 Non-Vascular

— Lichens*

— Moss*
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What is LANDFIRE?
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* Develop nationally conS|st"ent 30m map

data of vegetation, wildland fuels, and
ecosystem fire regime conditions
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LANDFIRE - Products

/ Topography | BEEEEEEGs Biophysical
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LANDFIRE Vegetation Classification
System: Ecological Systems

Ecological Systems: an additional floristic level
In the US-NVC hierarchy

Formation Class Woodland
Formation Subclass Evergreen Woodland
Formation Group Temperate or Subpolar needle-leaved...
Formation Subgroup Natural vs. Cultural
Formation Rounded-crowned...

Ecological Systems |
% USG S Alliance Pinus palustris / Quercus spp. Woodland Alliance

science for a changing world

Association Pinus palustris - Pinus taeda / Quercus geminata -
Quercus hemisphaerica - Osmanthus americanus
var. americanus / Aristida stricta Woodland



LANDFIRE Vegetation Classification
System

NatureServe’s Ecological Systems

Provided a template which could be
adapted to for mapping potentiaJ g
vegetation _ L

- i

S 3
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Links to National Vegetation
Classification System
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LANDFIRE Accuracy

Similarity # of EVT SAF/SRM # of

Ecological Class Similarity Agreement | SAF/SRM

System # of EVT | Agreement Classes (%) Classes

Super Zone Agreement (%) Classes (%) Assessed Assessed
Great Basin 50 56 63 22 67 36

Remote Sensing and Fieldwork
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ReGap

Northwest Regional GAP Mapping Units ‘ 3];.'7 o
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- NW ReGAP Map Zones

Mapping Units partially ;u‘ |

within NW ReGAP States J

Mapping Units mostly { | 1
mapped by SW ReGAP “

State Boundaries ™.

LAS CRUCES

http://gapanalysis.nbii.gov/portal/server.pt
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ldaho BLM Land Cover Data Standard
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Provide directions for land cox er cle c_f atlon a?
use for RMPs. . f,;%"‘* L 3
— Define appropriate cIaSS|f|cat|on thematlc scale {o]

’o

RMP map.

— Explain how to handle “special” fine-scale
vegetation communities (e.g., aspen communities).
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Why develop a standard?
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- Monitoring: measuring
changes over time

* Aggregating
Information across
admin. boundaries
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ldaho BLM Land Cover Classification
Scheme

Idaho BLM Land Cover

Scale Planning Use Categories

Broad-Scale State-wide Plans Group

State-wide Plans /

RMP Class

RMP Division

RMP / Activity Plans /

Project Plans Sub-Division

Activity Plans / Project

Plans Ecological System

Project Plans Alliance

v

Fine Scale Site Plans Association
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More than one way to skin a cat...
mapping vegetation isn’t just about classification.
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Remote Sensing Resolution

2048 km swath

AVHRR/
MODIS

» spatial resolution, 250m, 500m, 1000m - global coverage, 2 days
Landsat 185 km .j * 16 day orbital repeat

« seasonal global coverage
* spatial resolution, 15m, 30m

* 45-60 day orblt I )
- global cov ‘;‘-,ut?: S
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Continuous Field Mapping (CFM)
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vegetative changes

— Percent shrub, bare ground Iltter herbaceous
etc.

* Multi-scale by design
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Polygzon GPE Foint
1 m?
Random Direction

30 m Trangect

Tratnisect # 2

O s 1
R Transect # 1
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2.4m R-G-B-Nir
Quickbird Scene

National Planning Conference
March 2009



. WorIdV|eW- (2009)
— 46 cm Pan; 1.8 m
Multispectral
— 8 Bands
— 12 m CE90

e Cost = ~25/km?
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Billings Field Office
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» Primarily intended as a mq itc Pe ool
process will be repeated perlodlcally to

provide data for quantifying if vegetation
goals are being met.
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Effectiveness of Treatments

- S ’, ; | 2 |

e distur 0 ance (i.e. *‘m—
invasives, fragmentailon

« Cumulative effect of '
treatments (i.e.
connectivity, fire regime)
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Detecting Annual Grasses
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shades
indicate
increased
annual
grass
cover

shades
indicate
decreased
#0 annual
* grass cover
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Remote Sensing Resolution

2048 km swath

AVHRR/
MODIS

» spatial resolution, 250m, 500m, 1000m - global coverage, 2 days
Landsat 185 km .j * 16 day orbital repeat

« seasonal global coverage
* spatial resolution, 15m, 30m

* 45-60 day orblt I )
- global cov ‘;‘-,ut?: S
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VLSA for Natural Resource
Management

A

1 meten
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Remote Sensing as Sampling
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Cost Comparison:

» A,

e e » '5‘.. 0;2 {, :
. ‘ 1- Jlonitc iNg ey 1 e \
" d One time funded monltor‘hgc. ct (Medi A
« 1500 (3000 photos) photo7graph|c Iocatlonsper
» Flight Time = 6 hours e i of
« Analysis using existing software and verlfled th '-'Gi'f data
. 516 E)S?/sne (preflight planning, flight, postgr es 'n“ ‘tl*a\'/;elf'a'nd per
iem
— UAV purchase (50,000 acres/year with 3000 photo'locatlons)

1st Year: $4.87 / site ($12,000 plus ¥2 WM preflight planning, flight, post
processing)

2nd Year: $2.87 / site ($6,000 plus 2 WM preflight planning, flight, post
processing)

3rd Year: $1.87 / site ($3,000 plus ¥2 WM preflight planning, flight, post

rocessin
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Powder River Basin Remote Sensing

=] rt verses Sam 'v » S B
g ' “&) s ' ":' ¢ _‘qc - -}
Monltor in-stream habltats nder different flow rates

s g
— Intra-annual and Inter-annual " i «" ?

(

Derived measurements of channéﬂ propertles

Map riparian vegetation and invasive species

Test new methods for developing stereo models

from Very Large Scale Aerial (VLSA) photography
A=/ NATIONAL 4
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IP Software Tools
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| Deflnlens Develop 7 (1 lic
Image Server

Leica Photogrammetry Suite

é"‘

Stereo Analyst for ArcGIS 9.2 In testlng
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Image Segmentation
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Remote Sensing Applications Center
(RSAC)
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Seamless 1-meter orth op aph for ‘ #
the US o R

» Requires client installed |n ArcMap

* 166.2.126.235
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Aerial Photography Spatial Index
(APSI)

-Ai\' 'F'

.&Vai‘.s, I torical -
“aerial photograpdﬁy y th
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Public Access: GeoCommunlcator
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Internal; Translated into ArcGIS Server
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* 'airphoto.mxd - ArcMap - Arcinfo
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+ Landsat 1, 2, and 3 MultiSpectral Scanner (MSS) — 4

bands, 80 meter spatial resolution (1972-1983).
e Landsat 3, 4, and 5 carried both MSS and Thematlc
Mapper T )sensors (Landsat4 1982 1992,

' f; .w:. .
postiggiopsent. . -
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Glovis

» USGS Global Visualization Viewer

« Search variety of
Image datasets
maintained by USGS

Severa} CQIIect|ons

‘ .‘ - ' X . p . ’ “lLong:
.,.« C l _' & J Ul A ﬁ y d
v ‘, Max Cloud:
. U = T ' Q 1 T
Al

e ol
- = 100% | »
L=

M"'
-

Collection Resolution Map Layers Tools File Help

Downloadable

Path Row: s

At 1005

[Scene Information:

ID: NZT050380270708200600
Cloud Cover: 0%

Date: 2006/7/8

Jul | v |2008 v | Go

Prev Scene

MRLC/MTBS Radiance List

= USGS

add |
1000m No Limits Set
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» http://cidr.cr.usgs.
gov/main.php

« Mechanism for
acquiring free high
resolution imagery

« NOC can assist
with defining
requirements

National Planning Conference
March 2009

Details of selected requirement for Department of the Interior (DO1)/Bureau of Land Management {(ELM) in FY 08

Requirement ’.7
Requirement Ty planned data acquisition

Point of Contact (POC): Matthew Bobo
303-236-0721
matthew_bobo@blm.gov

Department/Agency: Department of the Interior (DOIVBureau of Land Management (BLM)
Program/Project’Requirement Name: White River Field Monitaring

Project Description: The White River Field Office is developing a plan amendment for cil/gas development.
This plan amendment is calling for use of satellite imagery to maonitoring the
development aver time.

Primary Mission/Application: environmental monitoring and assessment

Observable(s): NITF 2.1 is accpetable. WorldView-1 sterero imagery would be preferred for this

Requirement Mission Priority: ritic:
Intended Method to Obtain the Data: free source

Funding/Potential Funding: 0
Funding Confidence: 100%
Estimated Umbrella Requirement Funding:

Contract Funding POC: Matthew Bobo

is developing a plan amendment for oilig
This plan amendment is calling for use of satellite imagery to maonitoring the
development aver time.

Desired Spatial Resolutiol
Other Platform Acceptable:
Target Imagery Dates: 06/01/2008 to 09/01/2008 (Linear)
Latest Data Delivery Date: 10/31/2008
Max Days Delay [Acquisition to Delivery):
Acceptable License Restriction: federal state and county
. ClwdCoverMax: 10%
Horizontal Accuracy Need: 2000
Vertical Accuracy Heeds:
Vertical Accuracy DEM Needs:
Processing: ortho
-

TL




. New Collection
Schedule — Every 3
yrs

« WO secured funds
for states

* Only AG lands
guaranteed

* 15% premium for 4-
Digital Orthos

e ~$1.4 million for
l[daho

— $215/D0QQ

Proposed 3 Year NAIP Cycle
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LIDAR

LASER—-SCANNING .

"(I T
7 dsa = O ;‘
s per second (KhZ+)

e o N N .
ltiple returns potentially

- from each transmitted
« Costs are widely variable
depending on size and

complexity of project
« Low of $0.82/acre

Nati@r’@ﬁh@ﬁﬂ%iﬁgtg%@r@ﬁ@mal National Operations Center MAI. "
March 2009 ’ Division of Resource Services
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Hyperspectral Remote Sensing

Nonforest Cover

Types ta
> "‘ Yellowstone
< ' TR National Park
- i = t
L i: Lamar Valley 2
- 3 Area -
\ e

.‘,- >

AVIRIS data acquired 00T
August 7, 1996 ~

— HyMap 126 bands across th 8 e 20 ) e R

wavelength region of 0.45 — 2.5 .« /e o e
nm. 7 57 : ', 5 SR R pa | [ sagendanorescue

. Sagebrush

. Willow/Sedge

— ARCHER — Run by CAP g el SR il
Typical cost $3.5k per 20 km J# fovior T
line length with 5 m pixel size & =" &6 ae - j—

cover was not detected are

depicted in grayscale shading
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Remote Sensing (POCs)
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— Aerial Photography Phe »";a: "* try
Acquisition | Susé oodman

— Traditional _ Fire Related
Photogrammetric Geospatial Activities
Processing
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Contact Information

Matthew Bobo

National Operations Center
A D|V|S|on of Resource Services (OC-534)
i el D nFederaI Center, Bldg 50 i i
;”“ “ ‘ _‘ = ";»0 “ ’,,A\"gﬁ- {
R BN ) TR

N ‘I; Y _'b‘_p -
L ] L -
‘
& T
ol e Ny >
B | !
| Y N

i

National Planning Conference National Operations Center ‘&=
March 2009 Division of Resource Services %




